Climate extremes can have many negative effects on different sectors. Globally, observations show significant changes in the characteristics of extreme events. We examined trends in extreme temperature and precipitation indices in Iran during the period 1960-2014. We present results from 33 quality controlled and homogenous synoptic stations (excluding stations with excessive missing data). For each station, we calculate 27 indices characterizing extreme temperature and precipitation. For all indices (including Rx5DAY, CWD, R95p, R99p, GSL and TXn) positive, negative, and insignificant trends were obtained. Generally, there were negative trends in R10mm, R20mm, R25mm, CDD, PRCPTOT, FD, TN10p, TX10p, CSDI and positive trends in Rx1DAY, SDII, SU25, TR20, TXx, TNn, TNx, TN90p, TX90p and WSDI at most stations. There is a decreasing trend in the magnitude and frequency of cold extremes and an increasing trend in magnitude and frequency of warm extremes over the observational record, which is consistent with previous research reporting the warming trends of the climate.
Introduction
Climate change research has recently gained momentum due to the economic, financial and social implications related to extreme weather events. Part of the observed twentieth century average global temperature increases may be due to imum temperature is increasing at all stations except Oroomieh, which is northwest Iran. The spatial dependence and significant warming trends in extreme temperature indices over 1961-2010 were studied, as central Iran warmed more than other regions [17] . The southern half of Zagros Mountains and Shahrekord were cooling. For precipitation indices, positive significant trends were seen in southwestern Iran and the Persian Gulf coast [18] . Trends in extreme weather events were examined in north-east of Iran during 1992-2012. Trends over all precipitation indices and study stations show a general decrease, but were not significant [19] . In all studies previously conducted on this subject in Iran, extremes have been investigated based on short time period of data. In this study, the spatial and temporal distribution of extreme events in Iran will be assessed thoroughly at 33 synoptic stations as of 2014.
Materials and Methods

Study Area and Data
The Iranian plateau is located between 25˚N -40˚N, 44˚E -64˚E. Iran is mostly (>75%) arid and semi-arid as most of the country is under the influence of subtropical high pressure. Iran has a variable climate. Winter in northwest Iran is cold (subfreezing temperatures) with heavy snowfall. Spring and fall in northwest Iran are relatively mild, while summers are dry and hot. Southern Iran is mild in winter and very hot as daily average temperature exceeds 38˚C in July. In most of the country, the annual average precipitation is about 250 mm, which falls from October through April. However in the higher mountain valleys of the Zagros and the Caspian coastal plain precipitation averages over 500 mm. The western Caspian has little seasonal cycle in rainfall that exceeds 1000 mm per year, while in the Central Plateau there is less than 100 mm annually [20] . Considering the importance of the standard normal period 1961-1990 our study is also based on the use of the data for this period. So in this study the period of 1960-2014 was considered. The station locations are shown in Figure 1 . Our selection covered all climatic regions.
Statistical Tests
Run Test
Data series are called homogeneous when they consist of samples from a single population. To run statistical tests on a series to determine population parameters, the studied series must be homogenous. This study uses the non-graphic homogeneity test known as the Run test [21] . This test is performed using the software SPSS. In this test, data is assumed to be random, and rejection of this assumption will mean that data are not random. Therefore, if the significance level is less than 5%, it is concluded that the data is homogenous.
Kolmogorov-Smirnov Test
To select the proper test for analyzing the normality of the data, first the statistical distribution of the variable that is to be tested must be checked to comply with assumptions. For example, basic assumption of parametric tests is the normality of the statistical distribution of variables. The Kolmogorov-Smirnov test in the SPSS software is designed to identify the data with normal, uniform,
Poisson and exponential distributions. Here, we use this test to check the normality of data. In this test, the null hypothesis is based on the normal distribution of data. Therefore, if the null hypothesis is rejected, it means that the data lack a normal distribution. In the normality test, if significance level is more than 5%, it is concluded that distribution is normal [22] .
1) Mann-Kendall Test
Trend analysis is an important statistical method that is widely used for evaluation of the potential effects of climate time series such as observation series pertaining to temperature, precipitation, river flow, etc. in different places. The
Mann-Kendall test is one of most common and widely used non-parametric methods for analyzing the trend of time series. Using the Mann-Kendall method, one can identify the trend in data and determine its type and time period [10] .
2) RClimDex
RClimDex is based on the R statistical computing environment and provides a user-friendly interface to calculate climate extreme indices for the purpose of monitoring and detecting climate change. RClimDex computes all 27 core indices recommended by the CCl/CLIVAR Expert Team. We use 16 extreme temperature and 11 extreme precipitation indices as recommended by the ETCCDI (Table 1) .
Results and Discussion
Statistical Tests
The Run Test and Kolmogorov-Smirnov statistical tests for the parameters of rainfall, maximum temperatures and minimum temperature were calculated 
Frost Days
The trend in frost days varies between stations, with both increasing and decreasing trends. Twenty-on (21) In all Figures 2-6 the P-value amounts for trends are 0.
Summer Days
The trend in SD is shown in Table 2 
Tropical Nights
In all stations, there is an increasing trend in the index of tropical nights ( Table   2 , Figure 2(c) ). Tabas has the sharpest increasing trend in the number of tropical nights, which is equal to 1.48 days per year. This means that from 1960 to 2014, every 10 years the number of tropical nights has increased by 14.8 days.
Growing Season Length
Eight (8) stations had significant trends in GSL, while 7 of these 8 stations had an increasing trend. Shahre Kord had a trend of 5 days decrease in the growing season length per 10 years. Mashhad has the sharpest increase in growing season length, which is about a 7 day increase every ten years (Figure 2(d) ).
Max Tmin
26 stations had a significant trend for TNx. The greatest increasing trend, 7.9 days per ten years, is seen in Ahvaz. Shahrod exhibits the sharpest decreasing trend that is equal to −0.37 days per ten years (Figure 2(e) ).
Min Tmin
Eighteen (18) of the 33 stations had a significant trend for TNn. Mashhad station has the sharpest increase, which is 1.62 days per ten years, and Birjand stations exhibits the sharpest decrease, which is −0.97˚C per ten years, (Figure 2(f) ). The P value of both trends is 0.
Cool Nights
Of the 33 stations, 23 had a significant trend for this index. Share Kord station has the sharpest increasing trend, (4.39 days per ten years) and Tabas Station has the sharpest decreasing trend (−2.78 days each ten years) in the number of cool nights. Figure 3(g) shows the trend of changes for 2 selected stations.
Cool Days
Of the total number of stations, 14 stations had a significant trend for this index. (Figure 3(h) ).
Warm Nights
Approximately 85% of the stations had a significant trend for warm nights. Ta 
Warm Days
Twenty-three (23) of the 33 stations had a significant trend for this index. Esfahan, with a trend of 3.67 days per ten years, had the sharpest increasing trend
and Tarbat Heydarieh station with a trend of −1.13 days per ten years had the sharpest decreasing trend (Figure 3(j) ).
Warm Spell Duration Indicator
Similarly, 22 of the 33 stations had a significant trend for the warm spell dura- 
Cold Spell Duration Indicator
Only 12 of the 33 stations had a significant trend for this index. Shahrekord station with a trend of 4.78 days per ten years had the sharpest increasing trend. 
Max Tmax
Similarly, only 13 of the 33 stations had a significant trend of daily changes for this index. Rasht station with a trend of 2.4 degrees per ten years had the sharpest increasing trend and Shahre Kord station with a trend of 0.37 degrees per ten years had the sharpest decreasing trend. Table 3 shows the trend of changes of extreme precipitation indices for 33 stu- 
Extreme Precipitation
Max 1-Day Precipitation
Only Anzali and Esfahan stations had a significant trend for this index. Esfahan station had an increasing trend of 2.53 millimeters per ten years and Anazli station had a decreasing trend of −10.24 millimeters per ten years ( Figure 5(n) ).
Simple Daily Intensity Index
A minimal number of stations (12%), had a significant trend for this index. Esfahan station had an increasing trend of 0.46 millimeters per ten years. Anazli station had a decreasing trend of −1.4 millimeters per ten years ( Figure 5(o) ). 
No. of Very Heavy Precipitation Days
Only seven of the total number of stations had a significant trend for this parameter. Bablosar station with a trend of 0.72 millimeters per ten years had the sharpest increasing trend. Sanandaj station with a trend of −0.44 millimeters per ten years had the sharpest decreasing trend ( Figure 5(q) ).
No. of Days above 25 mm
Babolsar and Esfahan station had a significant trend for this index, while other stations had no significant trends. Babolsar station shows a trend of 0.65 days increase per ten years and Esfahan station shows a trend of 0.14 days increase per ten years in this index (Figure 6(r) ).
Consecutive Wet Days
Seven stations had a significant trend for this index. Ahvaz station had an increasing trend of 4.28 days per ten years and Kerman had a decreasing trend of −0.42 days per ten years for this index ( Figure 6(s) ).
Very Wet Days
Arak, Esfahan and Tabriz had a significant trend for this index. Arak station showed a decreasing trend of 9.28% days per ten years for this index. This is while Esfahan station showed an increasing trend of 11.21% days per ten years for this index. Tabriz station showed a decreasing trend of −6.33% for this index ( Figure 6(t) ).
Annual Total Wet-Day Precipitation
Six of 33 stations had a significant trend for this index. Ahvaz station with a trend of 62.81 millimeters per ten years had the sharpest increasing trend. Gorgan station with a trend of 28 millimeters per year had the sharpest decreasing trend ( Figure 6(u) ).
Only Arak station had a significant trend for "Max 5-day precipitation" index, which was equal to −5.68 millimeters perten years. Other stations had no significant trends for this index. Ahvaz and Tabriz stations had a significant trend for "Consecutive dry days" index. Ahvaz station showed a decreasing trend of 12 days per ten years for "Consecutive dry days" index. But Tabriz station showed an increasing trend of 1.47 days for this index. Only Esfahan station showed a significant trend for "Extremely wet days" index, which was +6% per ten years.
The maps of changes in some of temperature and precipitation extreme indices for selected stations across the country are presented in Figure 7 and Figure 8 . Iran and coasts of the Persian Gulf, same as [19] . Also, the results of this study are consistent with the results [19] in indicating the presence of a decreasing trend in extreme precipitation indices in northeastern parts of Iran. However, only a small number of trends observed for the studied period were significant.
Conclusions
Changes in frequency and intensity of extreme events can be more damaging than the changes in average climatic characteristics. Also, humans and ecosystems can react to changes in extreme climatic indices more severely than they do to changes in average indices. Therefore, analysis of trends in extreme climatic indices is important. In this study, we explored these trends in 33 selected stations in Iran. The extreme weather indices were calculated by the software RClimdex and trends were assessed by the Mann-Kendall method.
Generally the region is warming, although there is some spatial variability as There are fewer significant trends in precipitation, in line with previous studies [11] . Despite the lack of significance, most stations report increasing trends for SPII (Simple Daily Intensity Index) and RX1day (maximum 1-day precipitation). The sign of trends in CWD, R95p and RX5day are mixed. Overall, a majority of stations have reported negative trends for R10mm, R20mm, R25mm, CDD, R99p and PRCPTOT. The positive trend of CWD was found to be stronger than that of CDD, and trends of R25mm were found to be weaker than those of R10mm and R20mm.
Global warming causes the evaporation to be increased in atmosphere and the water vapor capacity will be increased also according to Clausius-Clapeyron relation. Hence moderate and heavy precipitation which has more water vapor will be amplified. However these conditions occur in tropical regions which there are huge sources of humidity. According to our results the maxima indices of precipitation in Iran do not show significant increasing trend. This could be because This study has made use of an extended record to calculate trends in extreme indices, compared to previous studies in Iran [8] [16] . However, one limitation may be that 55 years remains a short time to assess trends in regions with high interannual and decadal variability, particularly for variables such as precipitation that have a low signal to noise ratio. Further, we are limited to the use of 33
homogenous high-quality stations. Given the high spatial variability in the region this may not be enough to fully capture sub-regional trends.
In conclusion, the results show a decreasing trend in magnitude and frequency of extreme "cold" events and an increasing trend in magnitude and frequency of extreme "warm" events over the past 55 years, which support the results of IPCC and local studies reporting the warming trends of the climate. The relationship between the indices and ENSO is also suggested as future work.
